Abstract: Objectives. Adverse childhood experiences (ACE) can affect health in adulthood. We investigate the relationship between childhood experiences and adult cancer risk and screening behaviors in a racially diverse, low income population. Methods. Nearly 22,000 adults 40 years and older in the Southern Community Cohort Study were administered the ACE questionnaire. We estimated odds ratios (OR) for the prevalence of smoking, alcohol consumption, BMI and five cancer screening methods in relation to the ACE score. Results. Over half reported at least one ACE, with percentages higher for women (61%) than men (53%). Higher ACE scores were related to increased prevalence of smoking (ORs 1.25 (1.05-1.50) to 2.33 (1.96-2.77). Little association was seen between rising ACE score and alcohol consumption or BMI, except for a modest trend in morbid obesity (BMI ≥ 40 kg/ m 2 ). Mammography and cervical cancer screening decreased with rising ACE scores, but no trends were seen with prostate or colorectal cancer screening. Conclusions. Adverse childhood experiences are strong predictors of adult cancer risk behaviors, particularly increased likelihood of smoking, and among women, lower mammography and Pap screening rates.
environmental determinants. [5] [6] [7] Neighborhood safety, affected by violence, is one of the socio-environmental factors that has been reported to have adverse health outcomes, such as poor health status, depression, alcoholism, substance abuse, gastrointestinal disorders, and chronic diseases, including cancer. [8] [9] [10] [11] [12] [13] [14] [15] [16] However, there are currently limited data on the potential effect of childhood violence and abuse on cancer risk behaviors. 11, [17] [18] Violence and abuse can occur across the lifespan and may occur even among children. In the 1990s, a systematic evaluation led by Kaiser Permanente and the Centers for Disease Control and Prevention (CDC) formulated a series of questions on childhood abuse with a resultant Adverse Childhood Experience (ACE) index and found that physical and/or mental abuse episodes, as well as neglect and household dysfunction, were common. 19 In subsequent administrations of the ACE questionnaire, 59% of respondents reported having at least one adverse childhood experience (ACE), and 9% reported five or more ACEs. 20 This survey and others also noted that ACEs were linked to a range of adverse health outcomes in adulthood, including substance abuse, [21] [22] [23] smoking, 24 depression, 23, [25] [26] cardiovascular disease, [27] [28] diabetes, 29 cancer, 16, 18, [30] [31] [32] and premature mortality. 20, 33 Individual reports have shown a four-to 12-fold increased risk of alcoholism, drug abuse, depression, and suicide attempts among people who had experienced four or more categories of adverse childhood exposures, compared with those who had experienced none, as well as increases in poorer health behaviors, including a 1.5-to four-fold increase in smoking and 1.4-to 1.6-fold increase in physical inactivity and severe obesity. 19, 29, [34] [35] [36] Except for a recent study in urban Philadelphia, 37 most of the prior research on ACE, including the original Kaiser and the national Behavioral Risk Factor Surveillance System (BRFSS) surveys, has been carried out in middle-income and upper-income, predominantly White populations. The study reported herein was designed to examine the association of adverse childhood experiences with cancer risk and screening behaviors in a large, diverse, mostly low-income cohort recruited from medicallyunderserved areas of the South. We hypothesized that adverse childhood exposures may be particularly common in such a population and that these experiences are associated with increased prevalence of several behaviors in middle-aged and older adulthood contributing to increased cancer risk and/or reduced utilization of cancer prevention and early detection services.
Methods
Study population. We conducted this analysis as part of the Southern Community Cohort Study (SCCS), a multi-year prospective cohort study of adults enrolled at ages 40-79 during 2002-2009 from 12 Southern states, namely Alabama, Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippi, North Carolina, South Carolina, Tennessee, Virginia, and West Virginia. Most (85%) of the nearly 86,000 individuals, two-thirds African American, were recruited at community health centers with the remainder selected from general population. Recruitment included a large lower-income, vulnerable segment of society often not included in research. The Vanderbilt Institutional Review Board approved this study and consent was obtained from study participants. The SCCS was established to address many unresolved questions about the root causes of cancer health disparities; details of the SCCS enrollment have been described previously. [38] [39] Survey instruments. An extensive questionnaire was administered upon enrollment via computer-assisted personal interviews at community health centers or via self-completed questionnaires for the general population sample. The SCCS baseline questionnaire acquired information on the following: demographic characteristics, anthropometry, tobacco use, diet, alcohol consumption, physical activity, personal medical history, family medical history, reproductive history (for women), medication use, emotional well-being and social support, religion/ spirituality, health insurance, use of medical and cancer screening services, prevalent medical conditions, occupational history, and other miscellaneous factors.
The first follow-up questionnaire was administered to nearly 55,000 SCCS participants during 2009-2012, with a second follow-up questionnaire administered beginning in 2012, to update exposure (including current smoking status), health status (including current weight), and health services utilization (including cancer screening). Copies of the questionnaires are available on line at www .Southerncommunitystudy .org. Much shorter than the baseline questionnaire, the follow-up questionnaires offered the opportunity to ascertain additional information not collected at baseline. In the second ongoing follow-up questionnaire, we included the 10 questions regarding adverse childhood experiences (ACE). Response to each ACE item was recorded as a yes or no. A total ACE score was determined by the sum of all "yes" responses with the maximum possible ACE score of 10. The ACE score was categorized as 0 (no events), 1 (a single event), 2 (two events), 3 (three events), and 4 (four or more events).
Statistical analyses. We accessed information from the initial SCCS participants who completed the second follow-up questionnaire containing the ACE responses. We first examined contingency and 2X2 tables to describe the distribution between the ACE score and gender, race, income, education, and other demographic variables. Included in the latter category was a neighborhood deprivation index (NDI) calculated based on a composite of indices for the census tracts of the participants' residences at cohort entry. 40 The cancer risk behaviors of interest were cigarette smoking, alcohol drinking, and obesity as measured by body mass index (BMI), and the cancer screening variables were yes/ no indicator terms for utilization of annual mammography, Pap smear testing every four years, and ever use of PSA screening for prostate cancer, sigmoidoscopy for colorectal cancer and colonoscopy for colorectal cancer. These were considered the dependent variables in subsequent analyses. The risk behavior/ condition variables were categorized as follows: for smoking: never, former, current fewer than 20 cigarettes per day (cpd), and current 20 or more cpd; for frequency of alcoholic beverage drinking: never/ rarely, 1-3 times per month, 1-6 times per week, and daily; for BMI: less than 25, 25-29, 30-34, 35-39, and ≥40 kg/ m 2 . The chi-square test was used to test for significant differences of the distribution of the ACE scores across the strata of these variables.
For each of the smoking, drinking, and BMI variables, polychotomous logistic regression models were used to calculate odds ratios (ORs) and corresponding 95% confidence intervals (CIs) of participants having the behavior/ condition, with bivariate logistic models used for assessing use of cancer screening. Included as covariates in the models were terms for age (40-49/ 50-59/ 60-79), sex, race, education (<high school/ high school/ > high school), household annual income (less than $15,000/ $15,000-$24,999/ $25,000-$49,000/ $50,000 or more), marital status (married or living with a partner/ widowed/ separated/ single) and neighborhood deprivation index (in quartiles). For screening utilization, the covariates also included current smoking (ref=no), alcohol consuming (ref=no), and obesity (ref=bmi<35). Because of small percentages of individuals reporting race other than White or Black, the logistic regression analyses were performed for the White and Black participants only. To explore racial and gender differences in the relationship of the categories of ACE exposure with the odds ratios of the listed risk factors and screening utilization, the logistic regression models were run separately for Blacks and Whites and for men and women.
All statistical analyses were two-sided and a p-value of less than .05 was considered statistical significant. We conducted all analyses by using the SAS software version 9.2 (SAS Institute, Cary, NC).
Results
Among the 22,379 SCCS participants who completed the second follow-up questionnaire, 22,227 (99%) provided information enabling computation of ACE scores. At least one adverse childhood experience was reported by 53% of adult men and 61% of adult women (Table 1) . Adverse experiences were reported across all domains queried, with women reporting at least one event within the categories of abuse (21%), neglect (21%) and household dysfunction (33%), respectively. Corresponding percentages for men were 17%, 13% and 30%, respectively. Among all respondents, 22% reported one event, 12% reported two events, 7% reported three events, and 18% reported four or more ACE events ( Table 2 ). The chisquare tests showed that the ACE score group (0, 1, 2, 3, 4+) was associated (p<.0001) with most of the variables in Table 2 , with participants who reported having four or more ACEs being more often younger, female, poorer, and separated/ divorced. Little differences, however, were seen with education level, and racial differences were such that Blacks were somewhat more likely to report any ACE but less likely to report four or more such experiences. Table 3 shows that the crude percentages of participants who were current smokers rose steadily with increasing ACE score among race-gender groups, with the prevalence of current smokers nearly twice as high among those reporting four or more compared with no ACEs. In contrast, little association was seen with alcohol consumption and ACE score in either sex. The distributions of BMI did not differ greatly by ACE score, except that the prevalence of severe obesity (BMI≥40 kg/ m 2 ) rose modestly with increasing ACE score. The crude percentages of cancer screening use also tended to decline with increasing ACE score, except for use of sigmoidoscopy. Table 4 shows adjusted ORs and CIs of the health behaviors and screening according to ACE score. The odds of being a smoker rose steadily with increasing ACE score, with ORs of being a current heavy (≥20 cpd) smoker among those with four or more vs. no ACEs of 2.33 (95% CI 1.96-2.77) after adjustment for the multiple covariates in the regression model. Little association was seen with alcoholic beverage drinking. Associations with BMI were minor across the mid to lower ranges of BMI, although the OR for morbid obesity (BMI≥40 kg/ m 2 ) relative to normal (BMI<25kg/ m 2 ) among those with four or more ACEs reached 1.35 (95% CI 1.16-1.57). Among women the odds of having annual mammography and Pap smears every four years declined steadily with rising ACE score, with ORs of screening as low as 0.75 (95% CI 0.67-0.84) and 0.67 (95% CI 0.57-0.80) for mammograms and Pap smears, respectively. However, there was little trend in the odds of PSA screening among men or colorectal cancer screening by either colonoscopy or sigmoidoscopy among either men or women with rising ACE score.
When regression modelling was performed within strata defined by race and gender (supplement table 1, and 2), the patterns between ACE score and smoking were generally similar among Blacks and Whites, and among men and women. Odds ratios (CIs) for being a heavy current smoker among those with four or more vs. no ACEs were 2.78 (2.12-3.65) among Blacks and 2.06 (1.64-2.58) among Whites. However, for alcohol drinking the percentages in all the drinking categories (relative to never/ rare drinkers) significantly rose with increasing ACE score among Blacks, with no concomitant trends among Whites. Odds ratios (CIs) for being a daily drinker for those with four or more vs. no ACEs were 1.42 (1.13-1.78) among Blacks and 0.83 (0.62-1.10) among Whites. Additionally, for BMI, percentages of adults with BMI≥40 kg/ m 2 significantly rose with increasing ACE score only among Whites and among women. Odds ratios (CIs) for 
Discussion
In this low-income diverse population across 12 Southern states, we found that over half of adults age 40 and above reported adverse childhood experiences, including sizeable fractions reporting abuse, neglect, and household dysfunction before age 18. Although causal inferences cannot be made from our observational study, strong associations were found between high ACE scores and adult behaviors linked to poor health. Those with the highest ACE scores were more than twice as likely as others to be current smokers, with the prevalence of smoking rising in proportion to the numbers of adverse events. These positive associations were observed regardless of race or gender, with near equal strengths of association in each race-gender group, indicating a robustness of the findings. Weaker relationships were seen between ACE score and alcohol consumption and high BMI, with stronger links to drinking among Blacks than Whites and to morbid obesity among Whites than Blacks and women than men. We also found strong trends of decreasing utilization of breast and cervical cancer screening with rising ACE scores, but little association with prostate or colorectal cancer screening.
The overall findings are in accordance with previous research suggesting ACEs are associated with negative health behaviors and outcomes. [19] [20] [21] [22] [23] [24] 31, 36 However, our study extends the populations covered in previous work, with a cohort composition of Southern Blacks and Whites of similar (typically low) income and education and .54 a For health risk factors, model was adjusted with neighborhood deprivation index (ref= Q1), age (ref= 40 to 49), gender (ref=male), race (ref=White), education (ref= <high school), household annual income (ref=less than $15,000), and marital status (ref=married/ living with a partner). For cancer screening outcomes, model was adjusted with above variables plus current smoker (ref=no), alcohol consumer (ref=no), and severe obesity (ref=bmi<35).
highlights that childhood experiences can have marked affect the underserved and vulnerable. Our large study size enabled relatively precise examination of trends in risk behaviors and cancer screening according to ACE scores, and provided one of the clearest demonstrations of a strong and monotonic rise in smoking prevalence and intensity with increasing ACE score, even after adjusting for education, income, and other factors contributing to smoking behaviors. We did not find a clear cut relationship between ACE score and alcohol consumption, possibly due to the low prevalence of heavy drinking among SCCS members. Because of the high prevalence of obesity in SCCS participants, we assessed associations between ACE score and obesity. We did not find strong links to obesity, although the prevalence of class III obesity (BMI≥ 40 kg/ m 2 ) significantly rose from 13% among women reporting no ACEs to 18% among women reporting four or more ACEs.
Our regression analyses indicated highly significant associations between rising ACE scores and reduced breast and cervical screening among women. Women with a history of violence may have increased rates of cancer, but there has been limited research on the effect on cancer screening. Cancer may go undetected due to lower rates of health services utilization among those with adverse experiences. [40] [41] [42] One study reported that a history of childhood or adult violence among women was associated with more advanced stage at cancer diagnosis.
14 The study also indicated that while overall adherence to annual mammograms after age 40 and colonoscopy after age 50 did not significantly differ among women, women with a history of adverse experiences or victimization were more likely to report not seeing a physician in the year before their cancer diagnoses.
14 According to Olesen and others, 43 in a study that examined personal factors influencing the use of cervical cancer screening services, rates were significantly lower among women who were obese, current smokers, reported childhood sexual abuse, and those with anxiety symptoms. They suggest that targeting of women with these observable risk-factors could reduce non-participation in cancer screening by 74%. 43 In addition to common cancer risk behaviors, our findings strongly suggest that exposure to ACEs affects cancer screening participation among women, demonstrating the need for further research exploring ACEs as a determinant for encouraging patients to pursue screening for possible cancers.
Since the ACE questionnaire was not administered at entry into the SCCS but only as part of routine follow up of cohort members, we cannot prospectively evaluate cancer incidence according to ACE responses. Others have reported that ACEs are associated with an increased risk of several forms of cancer, including lung cancer. 16, 32, [44] [45] An association with lung cancer would be expected based on the trends we observed between ACE score and smoking prevalence. Indeed, compared with people without ACEs, the risk of lung cancer for those with six or more ACEs has been reported to be increased approximately three-fold. 16 Physical abuse by either parent, but particularly by the father for men and by the mother for women, has been reported to be associated with increased overall cancer risk, and ACE exposure has been associated with increased risk of breast and gynecologic cancers. 32, [44] [45] A more than doubled risk of cervical cancer has been associated with violence against women, including intimate partner violence, adult exposure to forced sex, and childhood exposure to sexual abuse. 46 In addition to a direct effect through sexual assaults and transmission of human papilloma virus, the increase may also be indirectly related to psychosocial stress, negative coping behaviors, and less frequent cervical screening. 47 Indeed, several authors have hypothesized that an ACE-related increased risk of cancer may be due to increased environmental stressors resulting from ACE exposure. 17, 32, 48 Our study suggests an additional explanation related to an increase in lifestyle behaviors associated with increased cancer risk and reduced cancer screening rates. Further research on the role of abuse and other adverse experiences starting in childhood is potentially important in advancing our understanding of cancer etiology and developing appropriate prevention policies. 45 A limitation of our study is that the ACE questionnaire, which was developed and validated elsewhere, 19 ,49 relies on self-report and recall of the exposure to adverse events. Similarly, all measures of smoking, drinking, weight, and height in this study were based on retrospective self-report data and consequently subject to error in participant recall. Although recall of ACE events may be limited, those participants who were able to remember adverse childhood experiences likely internalized the experience(s) more strongly. Additionally, recall of adult health behaviors is subject to misclassification, although validation studies based on serum cotinine revealed good agreement for smoking status and among SCCS participants who had weight measured during a clinic visit correlations between measured and self-reported weight exceeded 95%. 39 Despite the generic limitations of epidemiologic studies like ours, our findings that ACEs are associated with an increase in cancer risk behaviors suggest an opportunity for intervention. Developing strategies to address the effect of ACEs, avoidance of adverse experiences in childhood, and understanding ways to promote resilience once adverse experiences occur, may be significant approaches towards improving cancer risk behavior and health outcomes.
